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WFIBERTIAL

bl
amplifieatien of Aadie-Frequeney Currents Jith Germaniwn Crystal Triodes (Tranﬁistors)
st ”wa
[./‘ - “’"“"'-’.J V. 8. Vavilov

1, Intpodustion
In the intreduction, credit for the idea of generating and amplifying radlo

slgnals in a deviea very gimilar to orystal detsctors k is given to Soviet phyol=
cist 0, V. Losev, In the 1920's, Losev supposadly constructed an amplifying oir-
cult (called a "crystadyne") which he used for the generation of rf oscillations.
Tho remainder of this osctilon deals with the advantages (absonce of a vacuum and

powar supply for heating a filament and low walght) and disadvuntages (high noise

level, low power-handling capacity, and difficulty of matching several elamento
in a multistage amplifier) of the transistor.

II. Properties of Germanium

Phis section includes two tables, one comparing some charactaristics (ery=-
stal structure, melting point, boiling point, density, eXternul eppearance, ro-
sistivity, and type of conductivity) of carbon, silicon, germanium, ond tin, and
the obther giving the physical properties (atomic weight, number, and radius,
compressibility, resistivity, Hall coefliicient, coefficient of reflectlon, clec= {
tron mobility, magnetlc susceptibility, specific heat, and characteristlc tem-
perature) of germanium, The accompanying text deals briefly with the method of
obtaining germaniws, the effect of impurities (aluminwn, tin, arsenic, and gal-
liun ape mentioned speoifically) on resistivity, the "anomalous" roflection co=

efticient of germanium,’and the mechanlsms of the "inherent" and timpuprity" con= .s
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"duétivities of germanium. Les e 0
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T, 'The Conatruction and Principle of Opepation of the Crystal Triode

The crystal triocde discussed in this section is the one eriginally developed
by Bardeen and prattain. A drewing of ths neoaxial" transistor ie shown, and it
ig stated to be in ngeries" production. In discussing the&ginciplc of operation
of trunslstors, llaynes and Shockley's experiments with a long thin plate of gor=
maniws in which electrodes of large area were electrolytically deposited on both
ends are mentloned. ‘hese experiments supposedly demonstrated convineingly that
iteloetron holes" are tranaferred directly inte the germaniwn layer. Aled mention=
ad are Shockley and ‘ider's experiments with a plate of germanium in the form

of a wedge, with the electrodes deposited &t the narrow and broad ends.

IV. Icenaistor tharactorigbles

In this soction, the statdc and dynamic chavacteristics of translstore are
obtained from & conalderation of four vaprisbles, namely, emitter and collector
currents and voltages. :mitter and collector currents are chosen &s independent
variables. Characteristics of transistors atudidd by Bardeen and Brattain are

used for typieal values.

Vv, Wffect of Signal Froguency, Uistance Betweon Point Contactg, and Temperature
Upon the Operation of a Gormanium Triode Noise Level

The frequency 1imit montioned, taken from Becker and Shive, is 10 Mc. The
way in which the distance between point contacts affects transistor oparation is
digoussed. It is claimed that very little data is available on the change of
transistor characteristics with temperature, The lLast papagraph summarizes Bock~

aps studies on the nolse factor of transistors.
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Vi, Comaotiog of ‘Bgagagatnga Into Girecuite} the Uggagal Tetrods

The grounded=bass, 5reug;4@r_l-amibt.ep, and gx'ounded-ecu.ectox- eireults are
disoueseds A erystal tatrode, daba on which vias orginally published bY #, Lehan
in the sugust 1949 Lepue of slectronics, 48 mentiened in connection with ite
uge &g & fregquency converter, 7The follovdng paragraph, which summardues the
author' s regerd for the present pot.en'aia!.ithen of transistors, g translated
in fullt

"'je use of erystal griodes for high-quality amplificution of sudioc fre=
quencies has been conplioated for the prasent by the eomparatively hlgh noise
jovol, bub the transietor because of its obvlous advuntages has alpeady found
use Ln sons gpecial flelds. for oxample, an audde oseillater vas ueed in the
radio range fin;ig":éi,.‘“a rocket, where the erystel triode was salected over the
vaouum tube bectuse of ita small aize and mechanical atobility. It ig probable

‘n Th il
that the granaistor will also £ind be aecd primerily in oomputarn‘:’ Mﬁ“iﬂa)ny

e e

hundreds of wnplilying wnits, and in telemechenica switching equipments".

VII. additvional Information on the Prineivle of @eraﬁion of the Crystal Tpiode \

A quantitutive ovoluation of a nuber of values connected with transiotor
oporation, namely: 1) the fields produced in the germanium by the collector cur-
pent} 2) the time roquired for holes te drift from amittor to colladtors 1) cur-

rent mnpli.t‘ication in the collector; and h) foadback resistance.
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